The present study aims to compare the efficiency of a single extraction and a 3-stage cross-current extraction of PAHs from both lowly contaminated (LC) and highly contaminated (HC) sands using palm kernel and soybean oils (PKO, SO). It is observed that 3-stage cross-current extractions increase the total efficiencies compared to single extractions by 18.7-22.7% and 27.2-30.6% for LC and HC sands, respectively. Maximum efficiencies of 94.3% and 98.4% are obtained for phenanthrene (PHEN) and fluoranthene (FLT), respectively using PKO at 70 o C in the 3-stage cross-current extraction. In HC soil, these efficiencies reduce by 11.6% and 9.2% for PHEN and FLT, respectively. An oil flotation process as a post treatment step for soil/oil slurry is demonstrated to successfully remove 88.8-90.0 % residue oil from treated sand and 70.5-75.7 % residue oil from treated soil. Finally, a conceptual process of the extraction of PAHs from contaminated soil using vegetable oil is proposed.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are a recalcitrant group of contaminants formed through pyrolytic processes or incomplete combustion of hydrocarbon fuels. Soil is the major repository for PAHs in which they reside within the non-aquatic phases and the soil organic matter (SOM) (Savic et al., 2016; Wild and Jones, 1995) . Due to the toxicity of PAHs and the risks they pose to human health and the environment, remediation of PAH-contaminated sites is necessary in some countries before these sites can be reused. One commonly employed soil remediation technology is solvent extraction (Gan et al., 2009; Li et al., 2016) . Solvent extraction which involves the dissolution of PAHs from soil into an organic solvent phase can be applied to a large range of soil particle sizes since organic solvents provide better PAH selectivity than aqueous solutions (Hyman and Dupont, 2001) .
Vegetable oil has recently been proposed as a non-toxic, biodegradable and cost-effective extracting agent for PAHs in contaminated soils (Yap et al., 2010) . Laboratory-scale batch extractions of PAH-contaminated soil have been carried out using peanut and sunflower oils (Gong et al., 2005; Pannu et al., 2004) . In the earlier study (Pannu et al., 2004) , the use of peanut oil at concentrations ranging from 2.5% to 20% (w/w) successfully removed more than 90% of anthracene (ANT) from soil at low
